CBF, as measured by the clearance of 133Xe or 85Kr in the pentobarbital-anesthetized cat, displays a monotonic increase as the Pac02 is elevated over a range of 20-60 mm Hg (slope Xe, 1.65 ± 0.14 mill 00 glminlmm Hg; slope Kr, 1.40 ± 0.11 mlllOO glminlmm Hg). Cloni dine (20 fLg/kg i.v.), a centrally acting, cx2-preferring ago nist, reduced the slope of the Pac02-CBF response func tions for Xe and Kr by 70 and 64%, respectively. Cloni dine reduced normocarbic CBF -Xe by 36%, but had no effect on normocarbic CBF-Kr. ST-91, a polar structural analog of clonidine that does not cross the blood -brain barrier, did not reproduce the effects of clonidine when administered at an equivalent dose. This indicates that the effects of clonidine observed were secondary to its action on central rather than peripheral sites. In addition Sherman G p. Grega GJ. Woods RJ (1968) Evidence for a central hypotensive mechanism of ST-155. EliI'] PharmacoI2:326-328 Sinha IN, Atkinson JM, Schmitt H (1973) Effects of clonidine and I-dopa on spontaneous and evoked splanchnic nerve discharges. Eur] Pharmacol 24: 113-119 Starke K (1981) Alpha-adrenoceptor subclassification. In: Re view
The role of intrinsic neural systems in the regula tion of cerebral circulation has been a subject of controversy over the last decade. Several lines of evidence exist to indicate the possible role of a cen tral adrenergic substrate.
First, fluorescence histochemical studies have indicated the existence of rich perivascular nor adrenergic innervation. The innervation of the major cerebral arteries, their pial branches, and to a lesser degree penetrating arterioles as small as 15 fLm in diameter, arise from the ipsilateral superior cervical ganglion (Edvinsson et aI. , 1973) . The in trinsic system of cerebrovascular innervation in volving noradrenergic neurons, however, arises largely from the locus ceruleus, with widespread axonal projections that appear to terminate on small intraparenchymal vessels (Rennels and Nelson, 1975) .
Second, microapplication-superfusion studies of pial vessels in vivo and ex vivo have demonstrated the presence of (X-and �-adrenergic receptors that relate to vasoconstriction and dilation, respectively (see, e.g., McCulloch and Edvinsson, 1984) . These data showing pharmacologically defined (X-and � adrenoreceptor systems are corroborated by in vitro binding studies on isolated microvessel frac tions that show a significant degree of (X-and �-re ceptor ligand binding (Harik et aI., 1980 (Harik et aI., , 1981 McConnaughey and Ingenito, 1982) .
A direct measure of the role of the noradrenergic systems on CBF would be to pharmacologically manipulate release. (X2-Adrenergic agents have been shown to have an inhibitory influence on nor adrenergic systems both by an action on the ter minal that reduces the release of noradrenaline, e.g., presynaptic inhibition (Young and Kuhar, 1979; Starke, 1981) , and by an action at the cell body (e.g., iontophoretically applied clonidine de presses firing of locus ceruleus neurons; Cedar baum and Aghajanian, 1977) . It therefore should be possible to alter CNS adrenergic terminal activity by the administration of a centrally acting (X2-ago nist such as clonidine. As will be indicated, cloni dine resulted in a significant reduction in the slope of the Pco2-CBF response curve but had no effect on pressure autoregulation. That this effect was mediated by an action on central structures is sup ported by the observation that an imidazoline an alog of cIonidine (ST-9I), which is without central action, did not produce these changes when admin istered systemically.
MATERIALS AND METHODS

Animal preparation
Mongrel cats of either sex weighing between 2.5 and 3.5 kg were anesthetized with sodium pentobarbital 30 mg/kg i.p. Catheters were inserted into the right femoral artery and vein for monitoring of blood pressure. sam pling of arterial blood gases, and drug administration. A tracheostomy was performed, and a PE-50 polyethylene catheter was inserted into the right lingual artery and its tip advanced just into the common carotid artery. The skin, subcutaneous tissue, and temporalis muscle were dissected and retracted from the right side of the skull to the level of the zygoma. A right temporoparietal crani otomy measuring 3.0 x 2.0 cm was performed using a high-speed air drill, and the bone edges were sealed with bone wax. The dura was opened in a cruciate fashion with the aid of an operating microscope and reflected onto the bone edges. To prevent drying, the brain was protected by a film of polyvinylchloride (Saran Wrap). This material is impermeable to water and has perme abilities to O2 and CO2 of < I and 6 ccll 00 kg/24 h. re spectively (Dow Corning Product Information, Midland, MI, U.S.A.). Placement of this film maintains surface pH at levels expected of CSE The preparation was routinely completed within 1.5 h of anesthetization. Following sur gery, the cat was paralyzed with pancuronium bromide (0.3 mg/kg; Organon. Inc, West Orange. NJ, U.S.A.) and ventilated mechanically using a positive pressure pump. Harvard model 670 respirator, with an 02-air-C02 mix ture in a ratio of I :5:0.13. This ratio was modified to maintain a Pa02 of 100-150 mm Hg and a Paeo2 as re quired by the experiment. Core temperature was main tained at 37 ± O.soC by a heating pad.
Measurement of CBF
Xenon. CBF was measured from the clearance of the '{ emissions of 133Xe. A 0.3-ml bolus of normal saline con taining 750 ± 50 /-LCi (Mallinckrodt, St. Louis, MO, U.S.A.) was injected into the right lingual artery catheter. A solid-state CeTd scintillation detector was placed with its sensing axis through the craniotomy site at a right angle and 2-3 mm away from the brain surface. The iso response curve of this detector system in the cat prepara tion is a narrow, truncated cone with 75 and 50% of the count arriving 1 and 2.1 cm, respectively, from the de tector's surface. Both the initial slope index technique and kinetic analysis methods (Waltz et aI., 1972) were used to calculate CBE The changes in CBF correlated very closely when either method was used. By conven tion, the results reported in this article with Xe are based on the CBF values obtained using the initial slope index technique.
Krypton. For the experiments using the 13 emissions of 85Kr, 0.3 ml (200 ± 25 /-LCi/m!) of the isotope was injected into the right lingual artery catheter. An argon-quenched Geiger-Muller tube, with an end window diameter of 6 mm, was placed perpendicular to the cortical surface and as close as possible to the surface. Only 13 activity coming from a discrete volume of tissue 2.0 mm in depth with side scatter limited to lOis detected. As with the Xe tech nique, the initial slope index technique and the kinetic analysis methods were used, both of which yielded sim ilar values. The results reported are based on the flows obtained using the kinetic analysis method.
Vessel diame ter. In studies carried out with Xe clear ance. the diameters of selected pial arterioles (110-160 /-Lm) and venules (85-150 /-Lm) were measured concur rently with a Leitz Orthoplan microscope utilizing a mi crometer eyepiece at a magnification of x 125. During each stage of the experiment, the average of independent readings given by three observers was used.
Intra celllliar pH. In the experiments where Xe clear ance was used, the equivalent cortical intracellular pH was measured using umbelliferone. which is a fat-soluble, pH-sensitive fluorescent indicator with both ionic and molecular fluorophors. This measurement permitted us to establish that the preparation remained physiologically normal during the course of the preparation and the drug treatment. Umbelliferone 0.2 ml (Sigma) mixed with Xe (dose as described in Xenon section) was injected into the right lingual artery. The technique for the radiometric detection of the pH indicator fluorescence has been pre viously discussed in detail elsewhere (Sundt and An derson, 1980). Briefly, it is possible to determine pH from a ratio analysis of the indicator's calibrated 450-nm fluo rescence clearance curves from 340-and 370-nm excita tion using a nomogram. The method yields pH values that are identical to the intracellular pH estimated under a variety of conditions using equilibrium techniques (see Roos and Boron, 1981) .
Drugs
Clonidine-HCI (Boehringer Ingelheim, Ridgefield, CT, U.S.A.) and ST-91 (2-[2,6-diethylphenylaminoJ-2-imida zoline) (Boehringer Ingelheim) were injected intrave nously. To avoid the transient changes in blood pressure resulting from intravenous administration, all drugs were injected over a IO-min period. There was an initial tran sient rise in blood pressure of 10-30 mm Hg. followed by a persistent decline of 10-15 mm Hg. While there was marked pupillary dilatation following clonidine injection, no such changes were noted following ST-91 injection.
Experimental protocol
Effe cts (�f PaC02 on CBF. Analysis of arterial Po2, Peo2, and pH was performed immediately before each flow measurement. Hypercarbia was achieved by changing the ventilatory gas mixture (02-air-C02) to 1:5 :0.5. Hypocarbia was achieved by hyperventilation with the normocarbic gas mixture less the CO2, The Peo2-CBF response relationship was analyzed by car rying out four flows: under conditions of normocarbia (Peo2 = 35-40 mm Hg), hypocarbia (Peo2 = 20-25 mm Hg), hypercarbia (Peo2 = 55-60 mm Hg), and normo carbia (Peo2 = 35-40 mm Hg). At each step, 15 min was allowed for equilibration and for the maximum response to occur, and arterial blood gases were then determined. After completing the sequence of control responses over -50 min, clonidine (20 /-Lg/mllkg i.v.), ST-91 (20 /-Lg/mllkg i.v.), or saline (I mllkg i.v.) was injected. After 20 min, CBF measurements under normocarbia, hypocarbia, and hypercarbia were repeated in each animal. Thus, the CO2 1. S. KANAWATI ET AL. response was examined in six groups of animals: cloni dine using Xe (n = 5); clonidine using Kr (n = 7); ST-91 using Xe (n = 5); ST-9l using Kr (n = 5); saline using Xe (n = 5); and saline using Kr (n = 5).
Effects of MABP on the PacorCBF response after clonidine. To determine whether the effects of clonidine on the Pac02-CBF response function were due to a change in the response of arterial pressure to elevated Pac02, a group of animals were examined using the pro tocol as just described. During the postclonidine expo sure, blood pressure was made equivalent to that ob served in the preclonidine phase using hypovolemia or phenylephrine infusions as necessary (n = 3).
Effects of clonidine on
The effect of clonidine on the pressure autoregulation function of CBF was also determined using Kr clearance (n = 3). To achieve hypertension, infusion of phenyleph rine hydrochloride (100 fLg/ml) was adjusted empirically to a rate between 0.05 and 0.2 mllmin to increase MABP in a stepwise fashion to between 11 0 and 170 mm Hg. Ten minutes was allowed at each elevated level of blood pres sure before flow measurements. After completion of the ascending series, the infusion was stopped, and 20-50 ml of blood was withdrawn into a heparinized reservoir to produce MABP in the range of 50-70 mm Hg. The above flow measurements were then repeated 20 min after intra venous injection of clonidine (20 fLg/kg).
Statistics
Between-group comparisons were evaluated with Stu dent's unpaired t test. The slope of the Pc02 vs. CBF and Pc02 vs. MABP response curve before and after drug treatment was established by a least-squares linear re gression for each animal. Each curve was thus based on the respective measurements made at nominal Pac02 values of 40, 20, 60, and 40 mm Hg. This slope value was subsequently used for further analysis. For selected a priori comparisons, Student's t test for paired observa tions was used to determine the significance of the differ ence in measured parameters between the control and the experimental conditions. For comparisons between sev eral groups (e.g., saline, ST-91, and clonidine), a two way analysis of variance with repeated measures, e.g., control versus drug, was carried out. Unless otherwise stated, all results are given as means ± SE.
RESULTS
Blood gas and intracellular pH values
During the course of these experiments, Pa o2, ar terial pH, and intracellular pH remained within normal physiological ranges. Table I presents the values observed before and after clonidine adminis tration during the first and second Paco2 response sequences. Comparable values were observed for ST-91-and saline-injected groups.
Pco2-CBF response function Predrug measures. As indicated in Table 2 , at normocarbia (over all groups Pco2 = 38 ± 3 mm Hg), the mean predrug CBF -Xe in all three groups (clonidine, ST-91, and saline) ranged from 39 to 47 mlllOO g/min (overall group mean 46 ± 2 mlll00 g/min; n = 15). For CBF-Kr the values ranged from 71 to 100 (overall group mean 86 ± 3 mlllOO g/min; n = 17). Predrug CBF-Xe at normocarbia for the three treatment groups did not differ (p > 0.20). Similarly, predrug CBF-Kr at normocarbia did not differ between the three groups (p > 0.20).
Calculation of the regression line for the CBF CO2 response function in each animal revealed a highly linear relationship for both Xe and Kr clear ance such that the mean correlation coefficients for the individual slopes assessed during the initial pre drug sequence were r = 0.89 ± 0.08 (n = 15) and 0.86 ± 0.11 (n = 17), respectively (p < 0.05, each r). Table 2 presents the mean slopes of the calcu lated PcorCBF-Xe and Pco2-CBF-Kr regres sion lines for the several treatment groups. During the initial predrug sequence, there was no statis tical difference in the mean slopes for the clonidine, ST-9I, or saline treatment groups (p > 0.20). The overall mean slopes for the Pco2 response mea sured with Xe and Kr were 1.72 ± 0.14 (n = 15) and 1. 40 ± 0.11 (n = 17) mil 100 g/min/mm Hg, re spectively.
Drug effects. Examination of the effects of saline indicated no significant difference in either CBF Kr or CBF-Xe during normocarbia or in the slopes of the Pc o2-CBF response curves for the two indi cators as compared with the presaline test se quence (p > 0.20) (see Table 1 ).
After clonidine (20 J-Lg/kg i.v.) CBF-Xe at nor mocarbia was significantly reduced (p < 0.05) but Values are means ± SE of seven cats and represent measures that were taken con currently. Intracellular pH was measured with umbelliferone as described in the text. (n = 5) (n = 5) (n = 5) (n = 5)
Values are means ± SE. n = no. of animals. " As indicated in the text. the best-fit linear regression line was calculated for the CO2 response of each animal. The slope of this line obtained in each animal was used as the statistics for these data. b p < 0.05 as compared with pre drug or post saline.
CBF -Kr was unaltered as compared with predrug control (p > 0.20) (see Table 2 ). After drug treat ment a linear relationship was reliably observed be tween CBF and PaCOZ with mean correlation coeffi cients not significantly different from those ob served during control (r = 0.82 ± 0.16 and 0. 78 ± 0.18, respectively) (p < 0.05, each r). However, ex amination of the slope of the Peoz-CBF response revealed a highly significant (60-70%) reduction in slope of the function as measured by either Xc or Kr (p < 0.05) (see Table 2 ). Administration of ST -91 (20 j..l g/kg i. v .) did not result in a significant change in normocarbic CBF (p > 0.20), and there was no change in the slope of the Peoz-CBF response curve (Table 2) as mea sured by either Xe or Kr.
Pial vessel size during changes in Peo2
The diameters of selected pairs of adjacent pial arterioles and venules were monitored during changes in Peoz. The mean size of the pial arte rioles observed during normocarbia was 133 ± 12 j..l m and of venules 118 ± 11 j..l m. As shown in Table  3 , there was a significant increase in arteriolar and venular diameter during hypercarbia. Following the injection of clonidine (20 j..l g/kg i. v.), there was no change in the diameter of either arterioles or venules during normocarbia (p > 0.20). However, after clonidine, hypercapnia failed to evoke dilata tion of either arterioles or venules. In control ex periments with ST-91 (20 j..l g/kg i.v.), there was no significant change in vessel diameter and the re sponse to Pa eoz was unaltered as compared with predrug values (Table 3) .
MABP-Pco2 response function
Resting blood pressure measured during these experiments during normocarbia was 112 ± 7 mm Hg (n = 27). No significant difference was ob served in normocarbic blood pressure prior to drug administration for any of the treatment groups (see Table 4 ) (p > 0.20). Blood pressure showed a posi tive correlation with increasing Peo2, from 90 ± 10 mm Hg during hypocarbia (Peoz 20 ± 5 mm Hg) to 111 ± 15 mm Hg during normocarbia (peo2 38 ± 3 mm Hg) and 137 ± 12 mm Hg during hypercarbia (Peoz 56 ± 7 mm Hg). Calculation of the regression line for the CBF -MABP function indicated a highly linear relationship such that the mean corre lation coefficient for the individual linear estimates was r = 0. 91 ± 0.08 (r; p < 0.05). The group mean control slope was 1.04 ± 0.09 (n = 27). There was no difference in slopes between the three groups (p > 0.20) (Table 4) . Table 4 presents the group mean normocarbic blood pressure and slopes of the MABP-Paco2 response functions for the several treatment groups. Following the administration of clonidine (20 f.lg/kg i.v.), there was no significant change in MABP at normocarbia. After clonidine, the tightness of the coupling between Pco2 and MABP was diminished as evidenced by the reduc tion in the group mean correlation coefficient of the linear regression of the Paco2-MABP function (r = 0.51 ± 0.26). Nevertheless, following clonidine the slope of best-fit linear regression line became nega tive (Table 4) , and this slope change was statisti cally significant (p < 0.05). Neither intravenous sa line nor ST-91 (20 f.lg/kg) had a statistically signifi cant effect on resting blood pressure or on the Peo2-MABP relationship (see Table 4 ).
CBF pressure autoregulation before and after clonidine
To determine whether the change in the CBF Peo2 response curves was the result of changes in the autoregulatory function of the brain after cloni dine, we examined the effect of clonidine on the re lationship between CBF -Kr and MABP over the range of 60-180 mm Hg. As indicated in Fig. 1 , there was no difference in the autoregulatory func tion as assessed before or following the administra tion of clonidine (20 f.lg/kg i. v.), indicating that clo nidine did not have a measurable effect on the pres sure autoregulatory function. Vol. 6, No.3, 1986 Manipulation of arterial pressure and the
Paeo2-CBF response
To determine whether the change in the slope of the Paco2-CBF response function induced by clo nidine was due to altered MABP, MABP was ma nipUlated with hypovolemia or phenylephrine after the administration of clonidine to achieve the pre clonidine levels observed at a particular Paco2• As indicated in Table 5 , neither MABP nor the slope of the Paco2-MABP response function differed in the pre-and postclonidine intervals. Measurement of Xe-CBF indicated that after clonidine a significant (65%) reduction of the slope of the Paco2-CBF curve remains evident (p < 0.05).
DISCUSSION
Effects of clonidine on CBF and vessel diameter
The <X2-agonist clonidine had no significant effect on CBF measured using Kr during normocarbia, but significantly reduced the slope of the Peoz CBF response function. When the Xe clearance method was employed, c10nidine produced a re- Control response with standard error (solid lines); mean re sponse with standard error after clonidine (dotted lines).
Stippled area indicates the difference between the control and the drug response. Values are means ± SE. MABP during the postclonidine phase was manipulated to match that observed during the preclonidine exposure to normo-, hypo-, and hypercarbia. Note that the slopes of the P,c02-MABP response curve before and after c10nidine are not statistically dif ferent. This is in contrast to the significant reduction in the MABP re sponse slope after c1onidine, as shown in Table 3 . a mlllOO g/min. b mlllOO glminlmm Hg.
'mm Hg.
d mm Hg/mm Hg. , P < 0.05 as compared with preclonidine value: n = 3.
duction in CBF at normocarbia and a reduction in the Pco2 response function. The difference in baseline CBF after clonidine observed using Xe but not Kr likely reflects the dif ferent vascular beds revealed by the different en ergy emissions of these two markers. In the case of Xe, a 'Y emitter, the isoresponse curve for the scin tillation detector is a narrow, truncated cone with 75% of the count arriving 1 cm from the detector surface and 50% of the count arriving 2.1 cm from the detector surface. In the case of Kr, a (3 emitter, a Geiger-Muller tube is used that measures (3 ac tivity coming from a discrete volume of tissue 2.0 mm in depth (Hanson et al., 1975) . Thus, we pre sume that changes in CBF detected by Kr clear ance reflect changes proximal to the pial surface, whereas Xe clearance detects flow through the gray matter, white matter, and large thoroughfare vessels. Moreover, owing to the "look-through phenomenon" and "Compton scatter" described previously (Hanson et al., 1975) , changes in CBF in superficial layers may go undetected when Xe clearance is employed. It should be stressed that these changes do not reflect an effect on extra cranial perfusion. First, the overlying bone and muscle layers were removed, and second, the ef fects were observed with Kr, which excludes con tribution by sources distant from the cortical sur face.
The attenuating effects of clonidine on the facili tatory influence of elevated Pco2 on Kr and Xe clearance are corroborated by the effects of cloni dine on pial vessel diameter. Thus, pial vessels in the control animals were shown to dilate reliably during hypercarbia. During normocarbia, clonidine had little effect on measured arteriole or venule di-ameter. However, consistent with the observed ef fect of clonidine on Kr and Xe clearance, the in crease in pial vessel diameter otherwise observed during hypercarbia was significantly attenuated by the (X2-agonist.
The reduction in normocarbic flow cannot be di rectly attributed to changes in perfusion pressure, as mean arterial pressure was only marginally re duced during normocarbia after clonidine. The re duction in the slope of the Pco2-CBF response curves, however, might be related to the powerful suppressant effect of cIonidine on the PaCOZ-MABP function. Systematic examination, however, of the upper and lower limits of blood pressure au toregulation before and after clonidine injection showed no significant alteration. Moreover, we ob served that increasing MABP during hypercarbia after (X2-agonists to levels expected in the absence of the (Xragonist did not elevate Xe-CBF to levels otherwise produced by elevated PaCOZ in the ab sence of drug.
Central site of drug action
The mechanisms underlying the profound effects of (Xz-agonists on the homeostatic response of CBF and MABP to changes in Paco2 are not understood, but several converging lines of evidence point to a probable role of an (X2-receptor system associated with specific brainstem regions.
First, these profound effects on Paco2-CBFI MABP functions of the (X2-preferring agonist cloni dine appear to be produced by an action of the drug within the CNS. Thus, ST-91, an imidazoline an alog of clonidine, with comparable affinity and effi cacy of (X2-receptors, does not enter the brain (Starke, 1981; Timmerman and van Zwieten, 1982) . In the present work, ST-91 when administered in travenously failed to produce the change in MABP, Pco2-CBF, and Pco2-pial vessel response rela tionships observed with clonidine.
Second, we have recently shown that ST-91 ad ministered at low doses into the fourth ventricle in the preparation described in this article also pro duced a significant reduction in the slope of the Pcoz-CBF and Pco2-MABP response function. These effects were reversed by the (X2-antagonist yohimbine (T. L. Yaksh, in preparation). Using re ceptor autoradiography, high densities of (Xz-re ceptors have been found in structures that lie in and around the paraventricular lumen including the locus ceruleus and the nucleus tractus solitarius (McConnaughey and Ingenito, 1982) .
Third, early studies demonstrated that hyper capnia secondary to elevated P aco2 may be abol-ished by brainstem lesions (Shalit et aI. , 1967; Capon, 1975) . More recently, it has been shown that discrete bilateral lesions of the locus ceruleus will produce a reduction in the slope of the Paco2-CBF and Paco2-MABP response curves (Bates et aI., 1977; Reddy et aI. , 1985) . These results are controversial (other investigations in rats using centrally administered 6-hydroxydopamine and/or electrolytic lesions have observed either no change or an increase in CBF; Edvinsson and MacKenzie, 1977; Dahlgren et aI., 1981) ; the lesion effects are analogous to the results observed in the present series of experiments with systemic clonidine (e.g. , a minimum reduction in normocarbic CBF, a re duction in the CBF and MABP response otherwise observed during hypercarbia). Significantly, ionto phoretic studies have shown that (X2-receptors on locus ceruleus neurons are inhibitory (Cedarbaum and Aghajanian, 1977; Timmerman and van Zwieten, 1982) , suggesting a parallel with the ef fects produced by anatomical lesions.
Mechanisms controlling P aco2 -CBP reactivity
Increased Paco2 leads to increased perivascular pH. Increased [H+] will readily dilate pial vessels (see, e. g., Greenberg and Reivich, 1977; Kus chin sky and Wahl, 1979; Harder, 1982) . Such ob servations clearly indicate that changes in extracel lular pH, when they occur, can influence cortical vessels. The present studies, however, emphasize an added complexity reflecting a central, neurally organized component. The mechanisms of these central effects on CBF and MABP are not known, but several points should be stressed.
The effects of clonidine as well as bilateral locus ceruleus lesions are manifested most clearly at ele vated values of Paco2. Normocarbic values of pial vessel diameter, MABP, and CBF (with the excep tion of Xe) are relatively unaltered. It is therefore significant that Elam and colleagues (1981) have observed that locus ceruleus firing is elevated during hypercarbia, an occurrence that is likely suppressed by clonidine. There are several plau sible mechanisms by which such an increased ac tivity might be translated into an effect on the CBF. �-Receptors on forebrain microvessels (Herbst et aI., 1979) mediating vasodilatation is a possible coupling mechanism. If this holds, however, � blockade should abolish CO2 reactivity. In previous studies using the present feline model, � blockade resulted in a general reduction in CBF at all values of Paco2 (e.g., there was no change in the Paco2-CBF slope). Comparable results were observed in locus ceruleus-lesioned animals (Reddy ct aI., 1985) . This would appear to exclude a �-receptor- Vol, 6, No.3, 1986 mediated effect specifically on CO2 reactivity re sponse.
Alternatively, the CO2-CBF reactivity has been shown to vary with cerebral metabolic rate (Grubb et aI., 1974; MacKenzie et aI. , 1976) , and lesions of the locus ceruleus will diminish CMR02 and CMR g lu (Harik et aI., 1980 (Harik et aI., , 1981 , presumably by a loss of adrenergic activity at central �-receptors. Anesthetics are also well-known depressants of CNS function and CO2 reactivity. We wish, how ever, to emphasize the distinction between the hy pothesis that suggests that brain metabolic func tion as a whole is depressed and that this leads to a reduction in CO2 reactivity versus the hypothesis that depression of activity in a given neural struc ture (such as the locus ceruleus) gives rise to a re duction in CO2 reactivity and cerebral metabolic function. The apparent absence of effect of pro pranolol in this model on CO2 reactivity clearly suggests an uncoupling between global cerebral me tabolism and CO2 reactivity. That both phenomena may be influenced by the same structure, however, appears likely.
Finally, we stress that the manipulations as dis cussed here do not demonstrate that the final link with the blood vessel is mediated by the release of noradrenaline. A variety of neurochemical systems originate in and pass through the region of the dorsal brainstem, and (X2-receptors are not limited to adrenergic terminals. Thus, the discrete hodo logy of the system must await further studies with focally administered, selective antagonists.
Paco2-MABP function
Though the emphasis in the present experiments has been on CBF, we note that comparable effects of locus ceruleus lesions (Reddy et aI., 1985) and a central brainstem action of (X2-agonists are ob served with regard to MABP. Importantly, early work demonstrated that clonidine will depress sym pathetic outflow (Sinha et aI., 1973) . Such observa tions suggest that the lesions and the drug interven tions noted above may reveal a central mechanism that is common to CBF and cardiovascular mecha nisms, whose outflow is reflexly generated by changes in Paco2.
With regard to the effects of clonidine on Paco2-CBF, the clinical literature is surprisingly sparse. Two previous studies addressed the effect of cloni dine on the cerebral circulation. The first by James et ai. (1970) demonstrated a mean fall in CBP of 30% following the intravenous injection of cloni dine (2 mg/kg) in seven human volunteers. CBF was measured by inhalation and extracranial moni toring of Xe. In dogs, Sherman et ai. (1968) demon-strated an increase in cerebral vascular resistance following intraarterial injection of clonidine (10-20 j.Lg/kg). Neither of these studies examined the effect of clonidine on either the Pco2-CBF or the MABP -CBF function. The clinical importance of our findings is thus undetermined but would appear to be of relevance for patients on antihypertensive therapy. While the fall in baseline blood flow is not profound, the effect on the CO2 response curve would suggest a possible risk factor in patients with compromised pulmonary function.
